The response of air-core magnets to pulsed excitation is dependent on the pulse frequency spectrum because of fields produced by induced currents in the magnet structure. We discuss this phenomenon quantitatively in terms of magnet performance optimization.
Introduction
The Los Alamos Proton Storage Ring (PSR) uses pulsed inflector magnets to distort the stored-beam orbit during accumulation to minimize interaction with an injection stripping foil and to manipulate beam phase-space distributions. For the high-intensity pulsed PSR beam, it was considered desirable to avoid using ferrite magnets in the ring to preclude reactive effects. An alternative, air-core magnets, provides lower inductances than ferrite-loaded structures but requires higher drive currents and has a more complex response to the drive frequency spectrum. Application of inflector magnets to the PSR and possible drivercircuitry design has been discussed.' Here we relate study results of a particular magnet form suitable for pulsed operation with several kiloamperes drive current and response times of several microseconds.
Magnet Description
The magnet type we discuss is shown in Fig. 1 Fig. 1 features low inductance, ease of construction, and is capable of high duty factors. A prototype has been constructed with dimensions as given in Fig. 1 . The copper sections were pinned together and heliarc brazed. The parallel-strip structure of the magnet leads is continued with the vacuum feedthrough and strip-line conductors for current transmission from the driver. The magnet's low-frequency inductance is "0.3 ,uH and the dc resistance is 40 pQ.
Magnet Pulsed Behavior
The frequency dependence of the field's real and imaginary parts for a unit drive current specifies the magnet frequency spectrum. We determine the spectrum by a theoretical model, and then are able to calculate the field produced for a specified current waveform. The results show a frequency-dependent response.
Solution of the Diffusion Equation
We consider the simplified two-dimensional model of the magnet shown in Fig. 2 
where 32 = k2 -iiaa. For numerical results, we consider the electrodes in Fig. 2 to be shrunk to points at x = ±a, y = 0. For unit drive current, this gives a(k) = -l sin ka .
Substituting Eqs. (6) and (7) into Eq. (3), we find a complex expression for the induced field as a function of frequency, conductivity, magnet dimensions, and coordinates. Evaluation shows weak dependence of the frequency spectrum form on electrode shape.
Magnet Frequency Spectrum
Considerations of the preceding section give the form of the field produced by the induced wall currents. Magnitudes will depend strongly on geometry but we find that form does not. To predict the response of a given magnet to a current drive as a function of frequency, we first calculate the fields at low and high frequency using the magnet code POISSON and then normalize to the calculated spectrum.
Results of this procedure for the prototype magnet (assuming the wall conductivity is that of stainless steel) are shown in Fig. 3 . The experimental points were obtained with a small coil centered in the magnet and monitored by a lock-in amplifier. Measurements also were taken using a large coil, which integrated over the entire magnet length, with similar results. A small frequency effect (^%6%) is seen for the bare magnet, that is, the assembly in Fig. 1 with the vacuum chamber removed. Full scale in the figure corresponds to a field of 63 G/kA. 
Pulse Distortion
Given the frequency spectrum, it is straightforward to predict the field produced by a given drive pulse; the input current is Fourier analyzed and folded into the spectrum. In Fig. 4 we show results of such a calculation for a magnet with the prototype dimensions and driven by a pulse whose rise is a pure exponential and whose fall is a linear combination of exponentials. The waveform is severely distorted from the shown linear response. Magnet response is such that the field amplitude is attenuated and the pulse tail is extended. The remedy for such distortion is to decrease wall thickness and to increase chamber radius; the high frequency attenuation then decreases asymptotically to the bare magnet case. the pulse amplitude distortion is <12%. Of course if time scales are decreased, the distortion will be correspondingly greater. Additionally, distortion will occur if conducting or ferromagnetic surfaces are placed near the magnet.
Magnet Electrical Parameters Field Homogeneity A plot of data from measurements taken with a small coil that was moved along the magnet axis is shown in Fig. 6 . The effective length of the magnet (based on the central field) is %6% less than the physical length. The field cuts off sharply at the ends and has an (expected) bump at the ends that increases with frequency. Figure 7 shows POISSON calculations for the ratio of the sextupole field at the electrode radius to the dipole field, using the prototype geometry. The sextupole is defined here as positive when its field adds to the dipole field along an axis perpendicular to the electrodes. For very large electrode radius, r, the prototype magnet sextupole is "15%. These 
